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for the Internet of Things 
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A “smart” world 
3 
4 
5 
6 
50T Gbit 
Internet 
 Optical fibres constitute the 
backbone of the Internet 
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>1M km: A truly interconnetted world 
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Introduction: the “capacity crunch” issue 
Wuhan, 13 November 2015 
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2017: 
Capacity 
crunch 
D.J. Richardson, Nature Photonics 7, 354-362 (2013) 
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Introduction: Space Division Mux 
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N cores: capacity x N 
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Introduction: Mode Division Mux 
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Introduction: MDM 
- Modal Mux/Demux: Photonic lantern 
 many modes simultaneously 
S.C. Leon-Saval, Opt. Expr. 18(8), 8430 (2010) 
- Phase plate:  free space launching, 
alignment issues 
- Can we have all fiberised solution? 
 
 
Wuhan, 13 November 2015 
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Optical Microfibres 
OM are optical fibre tapers 
They have a size orders of magnitude smaller than OFs 
Micro/Nanofibre 
Optical fibre Optical fibre 
Transition 
regions 
Core 
Wuhan, 13 November 2015 
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Fabrication (1): mass conservation 
Mass conservation: elongating fibres above Ts, diameter decreases  
Hot 
Wuhan, 13 November 2015 
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Fabrication (2): microheater 
Stages
Microheater
Optical 
fibre
Wuhan, 13 November 2015 
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Mode Propagation 
Uniform waist region 
Transition  
regions 
Wuhan, 13 November 2015 
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Weakly-fused multimode coupler 
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Weakly-fused coupler 
Strongly fused coupler Weakly fused coupler 
Power coupling for symmetric coupler 
Weakly fused coupler can be treated as 
two axisymmetric waveguides in contact!  
The two waveguides need to phase match to maximise coupling: same b         same neff 
n1 n1 
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Phase matching 
• Microfibres in air 
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Four mode fibres 
Los Angeles, 23 March 2015 
RI profile Mode neff 
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TMF Coupler  
Los Angeles, 23 March 2015 
Power output from SM and MM  
ports during fabrication 
Spectral purity >95%  
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FMF couplers 
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Broadband operation 
Los Angeles, 23 March 2015 
Broadband operation is strongly dependent on couple diameter.  
Larger fibre diameters allow for broadband operation. 
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Polarization discrimination 
Los Angeles, 23 March 2015 
For circularly symmetric waveguides high order modes are degenerate. 
Couplers have e=0.5. 
 
Propagation constants in orthogonal 
directions X and Y are significantly different 
 
 
can be discriminated 
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Polarization discrimination (2): experiment 
Set-up 
Coupler discriminates LP11(a) from LP11(b) 
 
L=50mm, e~0.5 
Launch Output 
0º LP11x(a)  
90º LP11x(b)  
Coupler selectively excites  LP11(b) 
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Conclusions  
Los Angeles, 23 March 2015 
• IOT requires more and more data to be carried through the 
fibre backbone system 
• Novel fibres (multicore and multimode) have been 
proposed to overcome the growth bottleneck 
• In modal multiplexing add drop multiplexers are the 
greatest challenge, yet. 
• Weakly-fused couplers can be the solution and provide 
large asymmetry and discriminate different components of 
high order mode LP11(a) from LP11(b) 
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